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• HIGH-RESOLUTION OPTICAL MICROSCOPE 

5 

Technical Field 

The present invention relates generally to the field of 

direct-view optical microscopes and, more particularly, to a method 
and- apparatus for using high-energy light from a phenomenon known 
10 as non-resonant Raman scattering to illuminate a living biological 
specimen. 

Background of the Invention 

Since their invention in the late 1 500s, light microscopes 
15 have enhanced our knowledge of basic biology, biomedical research, 
medical diagnostics, and materials science. Although the science of 
microscopy has advanced to include a variety of techniques to enhance 
resolution, the fine-resolution observation of living biological 
specimens has remained elusive. 
20 Continuing advances in microbiology ruquire a closer and 

closer study of biochemical events that occur on a cellular and 
intracellular level. The challenge in microscopy today is not only the 
enhancement of finer and finer resolution, but also the development of 
techniques for observing biochemical events in real time, as they 
25 happen, without destroying the biological specimen in the process. 

Resolution is the ability of a microscope to distinguish 
between two objects that are very close together. A microscope with a 
resolution of 1,000 A (1,000 Angstroms; equal to 100 nanometers or 
lOOxlO- 9 meters), for example, can make objects as close together as 
30 100 nanometers independently visible. Objects and features smaller 
than 100 nanometers cannot be resolved (i.e., distinguished) by mis 
microscope. Below is a list of the resolution or practical resolving 
power of several types of microscopes currently available: 
2,000 A Visible Light Microscope 

35 l^OOOA ultraviolet Microscope 

1 50 to 300 A Scanning Electron Microscope 
2.0 to 4.0 A Transmission Electron Microscope 
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Although electron microscopes offer very fine resolution, 
the specimen must be prepared by high-vacuum dehydration and is 
subjected to intensj; heat by the electron beam, making observation of 
living specimens impossible. The dehydration process also alters the 
5 specimen, leaving artifacts and cell damage that were not present in 
v • nature. Also, In Older to view the steps in a biological process, dozens 

of specimens must be viewed at various stages in order to capture each 
' , desired step in the process. The selected specimens must then be 

prepared. Specimen preparation can take up to two hours each. 
10 The high cost of an electron microscope represents 

another barrier to its use in the life sciences. Electron microscopes are 
large and often require an entire room. The operation and adjustment 
of an electron microscope requires highly-skilled technicians, 
introducing yet another cost of rnamtaining and staffing an electron 

15 microscopy facility. ' 

The ultraviolet microscope offers finer resolution and 
better magnification than an ordinary light microscope, but it has 
serious disadvantages for the study of living specimens. Ultraviolet 
light damages or kills many kinds of living biological specimens, 
20 making observation impossible. 

When ultraviolet light strikes a specimen, it excites 
fluorescence within the molecules of the specimen so liiat the specimen 
itself emits a fluorescent light. If the specimen does not produce 
fluorescence naturally, it must be stained with a fluorescent dye. Many 
25 fluorescent dyes bind strongly to elements such as enzymes within 
living cells, changing their qualities and significantly altering the 
cellular biochemistry. Other dyes produce too much fluorescence or 
absorb too much of the ultraviolet light to be useful. 

Like electron microscopes, the operation of an ultraviolet 
30 microscope requires a great deal of skill. Because ultraviolet light 
damages the human eye, the image can only be observed by ultraviolet 
video cameras or specially-equipped still cameras. Also, the quartz 
optics required for ultraviolet microscopes are much more expensive 
than the glass components used in visible light microscopes. 

The electron and ultraviolet microscopes available today 
do no offer a technique for observing living, unaltered biological 
specimens in real time. 



35 
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i 

The Nature of 'Light 

Light is sometimes referred to as a type of 
electromagnetic radiation because a light wave consists of energy in 
the form of both electric and magnetic fields. In addition to the light 
5 we can see, the electromagnetic spectrum includes radio waves, 
' microwaves, and infrared light at frequencies lower than visible light 
At the upper end of the spectrum, ultraviolet radiation, x-rays, and 
gamma rays travel at frequencies faster than visible 1 ight. 

Wavelength is the distance between any two 
10 c<jrrespondmg points on successive light waves. Wavelength is 
measured, in units of distance, usually billionths of a meter. The 
human eye can see wavelengths between 400 and 700 billionths of a 
meter. Frequency is the number of waves that pass a point in 
space during any time interval, usually one second. Frequency is 
15 measured in units of waves per second, or Hertz (Hz). The frequency 
of visible light is referred to as color. For example, light traveling at 
430 trillion Hz is seen as the color red. 

The wavelength of light is related to the frequency by this 
simple equation (Equation One), 

20 f = — - — • 

L 

where c is the speed of light in a vacuum (299,792,458 meters per 
second), f is the frequency in Hz, and L is the wavelength in meters. 

25 Microscope Resolution 

The resolution or resolving power of a light microscope 

can be calculated using Abbe's Formula, 

D = L . 
2(NA) 

30 where D is the resolving power of a microscope in meters, L is the 
wavelength in meters of the light source, and NA is the numerical 
aperture of the microscope. The numerical aperture, generally, 
indicates the angle at which light strikes the specimen being viewed. 

35 r f i pht Scattering 

When a light wave passes through a specimen, most of the 
light continues in its original direction, but a small fraction of the light 
is scattered in other directions. The light used to illuminate the 
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specimen is called the incident light. The scattering of incident light 
through various specimens was studied hy Lord John William Strutt, 
the third Baron Rayleigh (Lord Rayleigh) in the late 1800s and later by 

Albert Einstein and others. 
5 Lord Rayleigh observed that a fraction of the scattered 

* - , light emerges at the same wavelength as the incident light. Because of 

his observation, light that is scattered at the same wavelength as the 
incident light is a phenomenon called Rayleigh scattering (also called 
resonant scattering or elastic light scattering). 
10 hi 1922, Arthur H. Compton observed that some of the 

scattered light has a different wavelength from the incident light. 
Compton discovered that, when light passes through a specimen, some 
of the light scatters off the electrons of the specimen molecules, 
producing scattered light in the X-ray region of the spectrum. 

15 — 

Raman Scattering „ - : A 

Li 1 928, Professor Chandrasekhara V. Raman and 
Professor K.S. Krishnan discovered that the scattered light observed by 
Compton was caused by vibrations within the molecules of the 
20 specimen. Because of his discovery, light that is scattered due to 

vibrations within the molecules of a specimen is a phenomenon called 
Raman scattering (also called non-resonant or inelastic light 
scattering). In 1930, Raman received the Nobel Prize in Physics for 
his discovery. 

25 When a specimen is bombarded with incident light, 

energy is exchanged between the light and the molecules of Ihe 
specimen. The molecules vibrate, producing the phenomenon known 
as Raman scattering. The molecular vibrations cause the specimen 
itself to emit scattered light, some of which scatters at a higher 

30 frequency (f+A/) than the incident light frequency (1), and some of 
which scatters at a lower frequency (f-A/). The A/ represents the 
change in frequency (sometimes called the frequency shift) produced 

by Raman scattering. , 
In summary, when incident light strikes a specimen, the 
35 scattered light includes Rayleigh-scattered light at the same frequency 
(f) as the incident light, higher frequency (f+A/) Raman-scattered light, 
and lower-frequency (f-A/) Raman-scattered light. 
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Intensity Depends on the Specimen 

Because Raman-scattered light is produced by molecular 
vibrations within thfc specimen, the intensity of the Raman-scattered 
light varies depending upon the type of specimen being viewed. For 
5 example, a specimen of blood cells may produce higb-intensity 
* " ' Raman-scattered light, while a specimen of skin cells may produce 

very low-intensity Raman-scattered light 
, Raman scattering is used in a variety of spectroscopy 

systems to study the interaction between a sample and certain types of 
10 incident light The fact that Raman scattering varies depending on the 
specimen, however, has limited its direct use in the field of 
microscopy. Although the phenomenon of light scattering is present 
whenever light strikes a specimen, none of the microscopy systems 
available today are configured to fully harness the resolving power of 

15 Raman scattering. 

Thus, there is a need in the art for a microscopy system 
that takes full advantage of the Raman scattering phenomenon as a 
source of ifluminating a specimen. 

There is a related need for a system for relaying and 
capturing the images produced by such a microscope. There is yet . 
anomer related need in the art for producing and adapting the types of 
incident light best suited for provoking Raman scattering m a 
biological specimen. 

There is also a need in the art for a direct-view, optical 
microscope with a higher resolution and magnification than is currently 

available. . 

There is further a need for an optical microscope that 
provides a real-time image of living biological materials, including 
cells and intracellular structures. There is a related need for a 
microscope mat permits observation by the human eye and recording 
by readily-available photomicrograpbic and video equipment. 

There is also a need to provide a system and method for 
viewing living biological specimens in their natural state, without 
interference from the artifacts of specimen preparation, without 
destroying or altering sensitive biochemical characteristics, and 
without killing the specimen. 

There is still further a need for a high-resolution 
microscope that is less expensive, easy to operate, requires little or no 



20 



25 



35 



PAGE 19/80 ' RCVD AT 1 W20W4:M:15 PMJEastem Standard Time] * SVR:llSPT0-EFXRF-1/6 1 DNIS:8729306 ' CSID:404881 7777 * DURATION (mm>ss):20*58 



Nov-30-2004 05:01pm Frora-ALSTON AND BIRD 4048617777 T-841 P. 020/080 F-625 

WO 02/0614*5 PCT/US01/46357 

specimen preparation, and is relatively portable and small enough for 
, u$e in the field! 

Summary of tbe Invention 

5 The above and other needs are met by the present 

invention which, stated generally, provides a direct-view optical 
microscope system that uses high-energy light from a phenomenon 
known as non-resonant Raman scattering to iUununatii a living 

biological specimen. 

j 0 " In one aspect of the present invention, a microscope 

system for observing a specimen includes an optical microscope, a 
light source, a darkfield condenser to focus the light on the specimen, 
and a compound relay lens connected to the eyepiece of the 
microscope. The light source is ultraviolet in one embodiment. The 

1 5 system may also include an adapter positioned between the light source 
and the microscope to align the light The system may also include a 
camera and a computer. 

The compound relay lens of the present invention includes 
two relay lenses connected together to provide higher magnification 

20 than a single relay lens alone. 

In another aspect, the invention provides of method of 
provoking enough light scattering to illuminate a specimen in an 
optical microscope system. The method includes illuminating a lamp 
that emits ultraviolet light, focusing the ultraviolet light upon the 

25 specimen using a darkfield condenser, and then magnifying the image 
of said specimen using said compound relay lens. The method may 
further include adapting the ultraviolet light for use in the microscope 
by positioning an adapter between the lamp and the darkfield 

condenser. 

30 The method may also include the double oil immersion 

technique, which includes the steps of placing a drop of oil on the 
underside center of the slide on which the specimen rests, positioning 
the slide on the center of the darkfield condenser, placing a drop of oil 
on the top center of the cover glass, and then raising the darkfield 

35 condenser until the oil on the top of said cover glass contacts the 

objective lens. 

In another aspect of the present invention, a microscope 

system is provided for illuminating and observing a specimen with 
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. scattered light fiom a combined light source. This system includes an 
. r. optical microscope, a first light wave traveling at a first frequency, a 

second light wave traveling at a second frequency, an optical combiner 
to combine the two light waves into one, and a darkfield condenser. 
5 The combined light wave includes an additive light wave traveling at 
tt V " an admtive frequency and a subtractive light wave traveling at a 

, n • subtractive frequency. The darkfield condenser focuses the combined 
light upon the specimen such that the additive and subtractive light 
waves provoke scattered light 

In one embodiment of the two-light system, the first light 
wave is produced by a first light filtering system that includes a first 
light source emitting an unrefined light wave, a first filter, and a first 
filter controller. The filter controller sends a first control signal to the 
first filter based upon the desired frequency. The first filter then 
refines the unrefined light wave into a first light wave traveling at a 
first frequency. The second light wave is produced by a similar second 

light filtering system. 

The two-light system may also include a compound relay 
lens, a camera, and a computer. In one embodiment, the two-light 
20 system includes an optical combiner. According to the present 

invention, the optical combiner includes a chamber, a casing enclosing 
said chamber and including several input ports and an output port, and 
a prism assembly configured to combine two incoming light waves 
into a single, combined light wave and project it through the output 

25 port* - 

In another aspect of the two-light system of the present 
invention, a system for producing the first and second light waves 
includes a dual-channel filter and a dual-frequency filter controller. 
The filter controller is configured to send a primary and a secondary 
30 control signal to the filter. The dual-channel filter broadcasts the first 
Ught wave on a first channel in response to the primary control signal 
and, in an alternating fashion, broadcasts the second Ught wave on a 
second channel in response to the secondary control signal. 

In one embodiment, each control signal produces a 

35 corresponding acoustic wave inside the dual-channel filter. The first 
acoustic wave interacting with the unrefined light wave produces the 
first light wave, and the second acoustic wave interacting with the 
unrefined light wave produces the second light wave. 
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In another embodiment, the dual-frequency filter 
controller includes a primary radio frequency synthesizer, a secondary 
radio frequency synthesizer, and a driver connecting both synthesizers 
to the dual-channel filter. Each radio frequency synthesizer is 
5 configured to synthesize and send a control signal via the driver to the 
dual-channel filter. 

In another aspect of the present invention, an optical 
combiner for combining two light waves to produce a single combined 
lightwave includes a chamber, a casing enclosing said chamber and 
10 including several input ports and an output port, and a prism assembly 
configured to combine two incoming light waves into a single, 
combined light wave and project it through the output port 

In one embodiment, the optical combiner also includes a 
beam expander connected to each input port designated for light waves 
15 emitted by a laser. The beam expander focuses and collimates each 
incoming laser beam before it reaches the prism. 

In an alternative embodiment, the optical combiner is 
capable of combining a laser light wave and an ultraviolet light wave. 
The optical combiner is also capable of receiving a single light wave 
20 entering through any one of the input ports, and projecting the single 
light wave through the output port. 

In another aspect of the present invention, a method of 
modulating the combinatory phenomenon to illuminate and view a 
specimen in an optical microscope system with a combined light 
25 includes the steps of filtering a first unrefined light wave to produce a 
first light wave traveling at a first frequency, filtering a second 
unrefined light wave to produce a second light wave traveling at a 
second frequency, combining the light waves into a combined light 
wave, condensing the combined light, and focusing the combined light 
30 upon the specimen. The combined light wave includes an additive 
light wave traveling at an additive frequency and a subtractive light 
wave traveling at a subtractive frequency. 

The method may also include placing a lower oil drop on 
the underside center of the slide, positioning the slide on the center of 
35 the darkfield condenser, placing an upper oil drop on the top center of 
the cover glass, and raising the darkfield condenser until the upper oil 
drop contacts the objective lens of the microscope. 
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Thus, it is an object of the present invention to provide a 
microscopy system, that takes full advantage of die Raman light 
scattering phenomenon as a source of illuminating a specimen. It is a 
related object of the present invention to effectively relay the images 
5 captured by such a microscope system for maximum magnification. 
yk. 1 It is also an object of the present invention to produce the 

types of incident light best suited for provoking light scattering in a 

biological specimen. 

It is a further object of the present invention to provide an 
10 optical microscope that provides a real-time image of living biological 
materials, including cells and intracellular structures, that permits 
direct observation by the human eye, and that fadlitatss recording by 
readily-available photomicrographic and video equipment. 

It is another object of the present invention to provide a 
system and method for viewing living biological specimens in their 
natural state, without interference from the artifacts of specimen 
preparation, without destroying or altering sensitive biochemical 
characteristics, and without killing the specimen. 

It is also an object of the present invention to provide a 
fine-resolution, high-magnification microscope that is less expensive, 
easier to operate, more portable, and less labor-intensive m terms of 
specimen preparation than ultraviolet, electron, or other types of 

microscopes. . .... 

These and other objects are accomplished by the 
25 apparatus, method, and system disclosed and will become apparent 

from the following detailed description of one preferred embodiment m 
conjunction with the accompanying drawings. 

Brief Description of the Drawing 

Fig. 1 is a diagrammatic side view of a microscope system 
according to an embodiment of the present invention. 

Fig. 2 is a diagrammatic side view of a compound relay 
lens according to an embodiment of the present invention. 

Fig. 3 is a detailed view of the incident light as it passes 
35 through a darkfield condenser, strikes a specimen, and enters an optical 
microscope, according to an embodiment of the present mvenfton. 

Fig. 4 is an overhead schematic view of a microscope 
system according to an embodiment of the present invention. 
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Fig. 5 is an overhead schematic view of the light waves 
,. passing througn an optical combiner and entering a microscope, 
according to an embodiment of the present invention. 

Fig. 6 is a graphical representation of the electromagnetic 

5 spectrum. 

Fig. 7 is an overhead schematic view of an embodiment of 
the present invention that includes a dual-frequency acousto-optic filter 
controller. 

Fig. 8 is a detailed view of the combined light wave as it 
10 passes through a darkfield condenser, strikes a specimen, and enters an 
optical microscope, according to an embodiment of the present 
invention. 

Fig. 9 is a photomicrograph of a diatom il lummated by an 
embodiment of the microscope system of the present invention, 
15 compared to diatom images in Figs. 9a and 9b obtained by other 
microscopes. 

Figs. 10a, 10b, and 10c are photomicrographs of a 
micrometer, an optical gage, and a carbon grating Uluminated by an 
embodiment of the microscope system of the present invention. 
20 Fig. 11 is a perspective view of one embodiment of the 

microscope system according to the present invention. 

Figs. 12 and 13 are photomicrographs of blood cells 
illuminated by an embodiment of the microscope system of the present 
invention. 
25 — 

Detailed Description 

Reference is now made to the drawing figures, in which 
like numerals refer to like elements throughout the several views. Fig. 
1 shows one embodiment of an optical microscope sysiem 10 
30 according to the present invention. (Fig. 11 is a perspective view of 
one embodiment of the system 10). The system 10 shown in Fig. 1 
includes a first light source 400, an adapter 70, a darkfield condenser 
60, a direct-view optical microscope 20, a compound relay lens 30, a 
camera 40, and a computer 50. The first light source 400 emits a first 
35 light 430 which is caUed the incident light 300 once it enters the 
microscope 20. 

A direct-view optical microscope 20 generally includes a 
base, a field diaphragm 22, a field condenser such as the darkfield 
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condenser 60 shown, a stage 24 upon which a specimen may be placed, 
at least one objective lens 26, and at least one eyepiece for viewing or 
otherwise receiving the image captured by the objective lens 26. The 
term'eyepiece includes a broad range of viewing devices beyond those 
.5 which involve or are intended for the human eye. light enters the 
objective lens 26 and travels into the trinocular head 27, which 
comprises an ocular eyepiece pair 28 for viewing with the eye and an 
upwardly-directed projection eyepiece 29. 

10 Thft Compou nd Relay Lens 

. In one aspect of the inventive system 10 of the present 
invention, a compound relay lens 30 is added to the nucroscope 20 to 
magnify the image before it enters the camera 40, as shown in Fig. 1. 
A computer SO receives the image. . 

A closer, schematic view of the compound relay lens 30 is 
shown in fig. 2. The compound relay lens 30 generally includes a^first 
relay lens 32 and a second relay lens 34. In one embodiment, ihe first 
relay lens 32 is a commercially-available objective lens having a 
cylindrical body and a Otype mount The second relay \cm |34 ■ ■ 

20 commercially-available relay lens. In a preferred embodiment, the first 
relay lens 32 has a numerical aperture of 0.65 and a magnification 
power of 40X, such as the Olympus model A40X objective lens The 
second relay lens 34 has a magnification power of 10X, such as the 
Edmund model L37-820 relay lens. It should be understood that the 

25 compound relay lens 30 of the present invention contemplates Ae use 
of Overtypes of lenses in combination with one another to produce an 
Leased magnification of the image as it exits any ofthe eyepieces of 
the microscope 20. The combination of these lenses 32, 34 provides 
greater magnification than enher lens would provide alone. 

30 — 

Th^ T ight TlhiTrimarinp the Specimen 

J In the system 10 as shown in Fig. 1, a first light source 

400 is used. Li one embodiment, the first light source 400 is an 
Taviolet light source 100, which emits a first light 430 having a 
35 frequency in the ultraviolet range ofthe ^«°^™ S ^^** 
Fig 6). As depicted in Fig. 1, the first light 430 is called the incident 
light 300 once it enters the microscope 20. 
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When an ultraviolet light source 100 is used, the system 
10 includes an adapter 70 which acts as an interface between the light 
source 100 and the visible-light optical microscope 20. The adapter 70 
may include an enclosure such as a cylinder, with polished interior 
5 walls, and is configured to align die ultraviolet light source 100 with 
the entrance port of the microscope 20. 

Fig. 3 provides a closer view of the stage 24 of the 
microscope 20, where the specimen 200 sits upon a slide 25, The 
ultraviolet first light 430 (now referred to as the incident light 300) 
10 enters the darkfield condenser 60 of the microscope 20. Each darkfield 
condenser 60 has a numerical aperture value NA, which indicates the 
angle at which light exits the condenser 60. A Naessens Darkfield 
Condenser having a numerical aperture NA of 1 ,41 produces excellent 
results, although other darkfield condensers may be used. 
15 Hie darkfield condenser 60 generally includes an annular 

stop 62 and a condenser lens 64. In general, a darkfield condenser 60 
directs the incident light 300 toward the specimen 200 at an angle that 
prevents most of the incident light 300 from entering the objective lens 
26 of the microscope 20. The annular stop 62 is shaped like a disc and 
20 centrally mounted. Understanding the flow of light actually occurs in 
three dimensions, a hollow cylinder of light passes around the edges of 
the annular stop 62 and strikes the condenser lens 64, which bends the 
light toward the specimen 200 at an angle indicated by the numerical 
aperture NA. The incident light 300 exiting the condenser lens 64 is 
25 shaped like a hollow cone. By centering and adjusting the vertical 
position of the condenser 60, the cone of light can be positioned and 
focused such that its vertex strikes the specimen 200. 

Scattered light is produced when the darkfield condenser 
60 focuses the incident light 300 directly on the specimen 200. When 
30 the incident light 300 strikes the specimen 200, most of the light passes 
through and continues in its original direction, but a small fraction of 
the light is scattered in other directions. It is primarily the scattered 
light that enters the objective lens 26 of the microscope 20. 

The scattered light, as shown in Fig. 3, includes a 
35 Rayleigh component 310, a high-frequency Raman component 320, 
and a low-frequency Raman component 330. The Rayleigh-scattered 
light 310 is emitted at the same frequency (f) as the incident light 300. 
lie high-frequency Raman-scattered light 320 is emitted at a higher 
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frequency (f+Af). The lower-frequency Raman-scattered light 330 is 
, emitted at a lower frequency (f-A/). 

The microscope system 10 shown in Kg. 1 is designed to 
take advantage of the high-energy light produced by Raman scattering 
5 320 and use it to illuminate the specimen 200. It should be understood 
that types of light other than ultraviolet may be used in the system 10 
of the present invention to excite Raman scattering to illuminate a 
• specimen 200. 

10 The Method 

The method of using the microscope system 10 of the 
present invention produces sufficient scattered light 310, 320, 330 to 
illuminate a living biological specimen. An ultraviolet light enters the 
microscope 20 through an adapter 70 and is focused directly upon the 
15 specimen 200 by a dariefield condenser 60. The resulting image is 
magnified by a compound relay lens 30 and transmitted to a camera 40 
and a computer 50, where the image may be further refined. 

One method of using the system 10 includes the general 
steps of illuminating an ultraviolet light source 100 such as a mercury 
20 lamp, adapting the ultraviolet light for use in a visible-light microscope 
20, and focusing the incident light 300 using a darkfield condenser 60 
to provoke Raman-type light scattering to illuminate a living biological 
specimen 200. The method further includes magnifying the image 
using a compound relay lens 30 positioned between the microscope 20 
25 and the camera 40. 

In a preferred embodiment, the method of focusing the 
incident light 300 with the darkfield condenser 60 further includes a 
technique known as double oil immersion to enhance performance. A 
low-viscosity, low-fluorescence immersion oil is preferable. 
30 Preferably, a very thin cover glass 125 is positioned on top of the 

specimen 200, such that the specimen is sandwiched between the slide 
25 and the cover glass 125. 

The double oil immersion technique includes placing a 
drop of oil on the underside of the slide 25 and a drop of oil on the 
35 center of the cover glass 125. When the slide 25 is placed on the 
microscope stage 24, the oil on the underside will make immediate 
optical contact with the condenser 60. When the stage 24 is carefully 
iaised until the oil on the top of cover glass 125 makes contact with the 
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objective lens 26, all optical contacts will occur simultaneously and the 
specimen 200 will be illuminated. 

In this position, as shown in the inset portion of Kg- 3, 
only the width of the lower oil drop 65 separates the condenser 60 from 
5 the slide 25 as it rests upon the stage 24 of the microscope 20. On the 
upper side, only the width of the upper oil drop 165 separates the cover 
glass 125 over the specimen 200 from the objective lens 26. 

The Energy of Scattered Light 
1 o The higher frequency (f+A/) Raman-scat tered light waves 

320 possess more energy than the incident light 300. Referring briefly 
to Fig. 6, the electromagnetic spectrum, it can be appreciated mat 
higher-frequency, shorter-wavelength light waves possess higher 
energy. Because higher-energy light waves generally improve the 
15 resolution D of a microscope system 10, it is desirable to provoke a 
high amount of high-energy Raman-scattered light 320. 

The intensity of Raman-scattered light 320, however, is 
about one-thousandth the intensity of Rayleigh-scattered light 310. 
Accordingly, it takes a very powerful (high energy and high frequency) 
20 light source to produce enough Raman-scattered light 320 to illuminate 
a specimen. Unfortunately, using a powerful light source also 
increases the amount of Rayleigh-scattered light 310, which can 
overpower and interfere with the Raman-scattered light 320. 

25 Combining Two Light Sources 

In another embodiment of the system 10 of the present 
invention, a method and apparatus is provided for maximizing Raman- 
type scattering while minimizing the interfering effects of Rayleigh- 
type scattering. In this embodiment, two light sources are combined, 

30 as shown in Jig. 4, to produce a combinatory phenomenon. The 
frequency of each light source can be adjusted to maximize the 
intensity of the Raman-scattered light 320 produced by the particular 
specimen 200 being viewed. 

For example, although a specimen 200 of skin cells may 

35 produce a limited amount of Raman-scattered light 320 when 
illuminated by a single ultraviolet light source 100, using two 
adjustable light sources 400, 500 can increase the amount and intensity 
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of Raroan-scatttred light 320 produced and, thus, increase the 
.• resolution D of the microscope system 10. 

Referring to Fig. 4, a schematic view, of this embodiment 
of the system 1 0 is depicted. The microscope system 1 0 includes a 
5 first light source 400, a second light source 500, an optical combiner 
600, an adapter 70, and a direct-view optical microscope 20. 

The first light source 400 is filtered by a fust acousto- 
optic tunable filter 410 which is controlled by a first filter controller 
420; which may be housed in a computer 50. Similarly, the second 
10 light source 500 is filtered by a second acousto-optic tunable filter 510 
whicli is controlled by a second filter controller 520, which may be 

housed in a computer 50. 

In one configuration, both the first and second light 

sources 400, 500 are lasers. The light emitted by a laser is well-suited 

15 to being filtered to a single frequency, and also well-suited for 

transmission using fiber optic cable. The laser may be an Argon-ion or 

Krypton-ion laser such as are available from Omnichrome Corporation, 

although other types of laser sources may be used. 

20 The Acous to -Optic TunaM e Filter (AOTF) 

. Referring to the schematic light wave diagram in Fig. 5, 
the first and second tunable filters 410, 510 are used to filter the light 
from the light sources 400, 500 and produce monochromatic (single- 
color, single-frequency) light waves 430, 530. The first light 430 

25 travels at a first frequency U and has a corresponding first wavelength 
Li. Similarly, the second light 530 travels at a second frequency f 2 and 
has a corresponding second wavelength L* The corresponding 
frequencies f,,f 2 and wavelengths L,,I*may be readily calculated 
using Equation One (frequency equals the speed of light divided by the 

30 wavelength). 

A first acousto-optic tunable filter 410 (AOTF 410) is 
used in the system 10 of the present invention to filter a light source 
400 typically a laser beam, so that it emits a single-frequency hght 
430* The acousto-optic tunable filters 410, 510 may use a Tellurium 

35 Dioxide crystal and a transducer, and may be configured specifically to 
filter light from a laser, such as the fiber-pigtailed laser acousto-optic 
tunable filter, model TEAF 3-0.45-65-lFP, manufactured by Bnmrose 
Corporation of America. It should be understood, however, that any 
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device capable of receiving a light wave and filtering i1 into a single- 
frequency light may be used as the AOTF 410, 510. 

The first AOTF 410 uses an acoustic wave to shift or 
change the frequency of the light waves in the laser beam from the first 
5 light source 400. The second AOTF 510 operates in a similar manner 
upon the second light source 500. The acoustic wave acts like a filter, 
interacting with the optical light waves and separating a single 
frequency of light from all the others. By varying the frequency of the 
acoustic wave, the frequency of the separated light can be varied The 
1 o frequency of the acoustic wave produced in the AOTF 410 b 
controlled electronically by an AOTF controller 420. 

The Acousto-Qptic Tunable Filter (AOTF1 Controller 

As shown in Fig. 4, the first AOTF controller 420 
15 includes a first DDS driver 424 and a first RF synthesizer card 422 
inside computer 50. The first DDS (Direct Digital RF Synthesizer) 
driver 424 may be a self-contained unit containing an RF (radio 
frequency) amplifier and its own power supply. The first DDS driver 
424 acts as an interface between the first RF synthesizer card 422 and 
20 the first AOTF 410. 

The first RF synthesizer card 422 includes a DDS module 
which synthesizes and sends a first radio frequency control signal 426 
via the first DDS driver 424 to the first AOTF 410. The DDS module 
may cooperate with computer software inside the computer SO to 
25 synthesize and send a particular first radio frequency control signal 
426. 

Similarly, the second AOTF controller 520 includes a 
second DDS driver 524 and a second RF synthesizer card 522 inside 
computer 50. The second DDS (Direct Digital RF Synthesizer) driver 

30 524 may be a self-contained unit containing an RF (radio frequency) 
amplifier and its own power supply. The second DDS driver 524 acts 
as an interface between the second RF synthesizer card 522 and the 
second AOTF 510. 

The second RF synthesizer card 522 includes a DDS 

35 module which synthesizes and sends a second radio frequency control 
signal 526 via the second DDS driver 524 to the second AOTF 510. 
The DDS module may cooperate with computer software inside the 
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* becaiAe they rotate 10 subject matter not required to bo BBHicrrad by thin Authority, namely: 



z n OafmsNosj 
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1. Claims: 1-13 

A microscope for observing a specimen comprising a light 
source, an objective lens, a darkfleld condenser, and a 
conpound relay lens having two lenses, wherein the 
magnification of the first lens of the compound relay lei 
system 1s selected to be at least 40 times and the numer 
aperture Is at least 0.65. 



2. Claims: 14 T 22,31,32 



A microscope for observing a specimen comprising an 




to be conposed by two light sources and two band-pass 
filters having different center wavelengths. 



3. 



Claims: 23-26 



are produced from a single light source. 




4. 



Claims: 27-30 




ng a chamber, a casing, and a prisma to 
iht waves, wherein the combiner also comprises 



a beam expander. 
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For more detailed Instruction*, see the notes on the accompanying sheet 
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Arltete 1 7^)(a) to thateftect and the written opinion of the International Searching Authority are transmitted herewith. 

with regard to the protest against payment of (an) addWonal fee's) under Rule 40.2, the applicant Is notified that 
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U applteants request to forward the texts Of bom the protest and the decision thereon to the designated Offices. 
□ ^ decision has been made yet on the protest; the applicant win be notified as soon a* a decision Is made. 

4 Reminder? 

' Shortly after the expiration of 18 months from the priority date, the ^^^^^^^^^^^^ 

^s^&rs^sosssssas: ssssssasssss^ 

betore the completion of the technical preparations tor international publication. 

The applicant may submit comments on an intormaJ basis on the writer £P*^ l ° ** 

intamattonal Bureau. The Internationa] Bureau wilsend **IV^ to 
international preliminary examination report haB been or is to beestebBChed. These comments woujo aso oe n«w 
the public but not before the expiration of 30 months from the priority date. 

SteTln some Offices even later); otherwise, the applicant must within 20 month* from the priority date, perform ma prawn™ 
acts for entry into the national phase before those designated Offices. 

tn respect of other designated Omcss. the time umlt of 30 months (or later) win apply even H no demand is filed within 19 
months. 

See the Annex to Form PCT/I&V301 and, for details about me applicable time limits, Office by Office, see the PCT Applicant's 
Guide, Volume li. National Chapters and the WIPO internet site. 



Name and mallng address of the Internationa! Searching Authority 
European PatBnt Office, ?B. 581 8 Patentiaan 2 
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Tel. (+31-70) 340-2040, Tx. 31 B51 epo nt. 
Fax: (+51-70) 340-3016 
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Initnictiom 



^Ttod^tormsUi, «» «bo th. PCT AppJ^ GurfB, a publication of W1PO. 

fc, tho*, Not*, VWW.\ f^h-. and 'SocBcrt- refer tn thoprovtaion. of the PCT, the PCT RegiMem and the PCT 
AdminMrafira Imtrucilcne nrtpeothroly 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 

Th. oopfeant h*», oftef hnring received the intor™fon«l wrch r^ort, ^«PP?^ *^"^*f 1 ^^ , i! B 

tec th e pug 
FurthermOi 



purposes of provieional protooUoo or haft MTV**** mam far "mandjjg 0 
m^tt should be emohasixedthai provisional pretedton » -v-MaWe In 



ding ma oi*irro> before international pbulbeUon. 



some States only. 



Under Artide 1 9, only the claims may bo amended. 

During tho kitemrtna) phase, th# daim- r^jU^am^ «^!fSZ£^^ 

tClrtemMionaJ Prrfiminsry Examining Authority. The d^enpHon -nd drawinge may only bo emended undor 

Artide 34 bofom the IrrteTTianonal E*amWng Author*^ 

Upon entry into th* national ph«M. all pens of the intomotionil oppfaoHon may bo amended unbar Arts* 28 
or^naro applicable. Article 41 . 

Whin z month. Irani tho date o< tr^amittrf of ftaintomofional ™t^ rt £2^^*!^^ 

whichever time imit o^prwt later. It ehould bo noted, however, that toe OT " C ^^J^~?^I^ 
nS^r^oM X if they or* received by tn- ^"«^^a^^ 
^ioabto lima limit but befcm tho comp!efr*i of tho technical p«c*rabona for mtornotlanaJ puttcaftion 



vrnere not to file thai 



Tho amOfidmorihi may onlybs «to0^m Ih* 
Intomotionol Searching Authority (FW« 46.2). 

Whsre a Osmond tor jntomationaf preliminary i 



Bureau and nut with Bio reoefvimj Woo or tho 
lotion has beenAe fifed, too bolow. 



Bhor by oeJtoofcig or* or moro ortHm dajnu. by edolng on- or more now claim, or by emonolng lha I 
ens or more of tho <" " " J 



How? 

ono or mare or ma a 

A raplaoBmont cheat mutt be aubniitiod for each ***** of the daima which, on aoommi of an 
amondmofmi. dHfere from me shoot originally filed. 
All tho rfaime oppo-Hng on a replacement oh-ot mutt bo numbered in ^k> numerola. Wbere^ 
o^&?^ 

bo renumbared i»ri»ecutiveiy (Adrmmstratjve mftruetaona, SecDon ZO&(t>)). 

7^ amOT otm ? rtta mind bo mode Ih tho language In which thomwnotloml application la lo bo pubflehed. 

Whai aacumorrU muat/kney accompany tho a*rer*dmenU? 
L0ttar(Soctlon2OS(b}): 

Tho amondmonla muat bo submitted with a latter. 

i In" 



la French* 
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The letter mutt indicate the differences between the d«ms as fited «td "^^^^^ 
partiou** , Moate, In connection with each claim eppe ann* In the international Wicebon C« b"«fl unewmooo 
Sit kWcaJ tadcaaona ecwieerning saver*) claJmt may be greupeo^wliBtner 

0 tfiadalmtounchfngad; 

(i) the claim b o mod tod, 

(u) the claim ia new; 

(hO tho claim repleceeona or rnoredaimseB filed; 

M the claim ■ the result of the dMtton of « claim as Ned. 



The folkaeuig enaaiplee Rtaatnsta Ihe 



explained In l 



1. [Where oriolnajy there wore 48 d«ima and after wnetidmert of com- claim, there tie 61): 
■deinwi 1 to 29, 31 , 32, 34, 35. 37 to 48 replaced by emended oUime bearing lm» eenie numDare; 
de!iro30.33«nd38uTKhenge<i wddnf»48te51 added." 

2. IWhere cnginaly there were 1 5 cJafma and after emend™* of dl daana there are 1 1 ]: 
XJiy'm* 1 to 1 5 replaced by amended claim* 1 to 1 1 • 

3. pAheieerigmatylharow«^ 

^Cla*na^eat>d^^ 16 waJ 17 Jjidad" or 

XWma 7 to 13 oancefed. new dalmo 15. 16 and 17 added; all other daims unchanged. 

4. [Where various kinds of amendmenta are matte]: 9 , a n t ■ i_. — — 

X3aims 1-10urioharic^;deJrria 11 to 13. IB end 19 canceled, stem 14, 15 and 16n*place^lw amended 
cUim 1 4; deim 1 7 aubcWided Wo amended daims 1 5, 1 6 and 1 7; new dwma 20 and 21 added. 

^Statement under article 19(1)" (Hida4&4) 

The emendmente may be eccompenied by a etelement explaining the ajnancjmente and jnctealfo any snpaot 



thai auoh emendmenle might have en (he OBicripbon and the oretfings (wham cannot be I 
Article 19(1)) 

The statement wll be pubhahad with the Imomotwv* appGeanon and me amended claima. 

a must be In the language In which the toternatianeJ epppflcedoa la in be puMNW. 

R must be brief, not eaeaeding 600 worda II In English or if trenetated into EngSah. 

It aheuld not bnconltoeod with and deem net replace the letter Incfrafing ^,ffi™f*« 
aa filed and aa amended, ttmiartbe Bed on a separata sheet and must be loentmecf «* auon oy a r 
preferably by using the worth •Statement under Article 1 9(1 ).' 

It may not contain any disparaging commenta on the internationaJ aearch report lorl tha e Vff?L 
contained ki that report. Reference Id cftaaons, releveni to a given cunm, contained in the mtsmaoonal aaatun 
report m*y be made only in connection with on emenrarienl of that cJ«mv 



ff e demand for International preliminary examination has 
If, at the time of fftng any -mendmenta under Article 1 9 a oerr-nd tor 

has already been aubmitted, the appneant must preferably, at mo eame t™oT«l»iflthe amandrnenti w*h the 
(ntematbnaf Bureau, also fits a oopy of audi amendmenta with the Irtternacanei prewninary 
Authority (aee Rule 62^«). first aentanoe). 



with regard to translation of the mtefnatfanal appflcetton for entry Into the national | 

The applicant attention ia drawn to the fact that, where upon entry i nto tha national £™ i*tona^ia*m 
daJfrSaa emended under Article 1 9 may have to be fumi-hed to the AnnonaiacMectod Others, tiateed of, or 
in adofton to, the translation of the daima aa filed 

For further details on the rec^rementt of eaoh daaigriatecVelectod Office, see Volume II of the PCT Applicant's 



Guide. 
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international application no, 
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International fling dale (aay/monWyear) 
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(Earnest) Priority Date (aayAnonirvyoaij 
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Applicant 

AUBURN UNIVERSITY 



Thte international Search Report has been prepared by this International Searching Authority and Is transmitted to the applicant 
accord ng to Article 1 8. A copy is being transmitted to me International Bureau. 

This international Search Report constats of a total of_ — 4 sheets. 



[y] it Is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report . . . 

a. With regard to the language, the International search was carried out on me baste of the international application In the 
language In which a was tiled, unless otherwise Indicated under this Item. 

|— I The international search was earned out on the baste of a translation of the International application furnished to 
L - J this Authority (Rule 23.1(b)). 

b. □ With regard to any nucleotide and/or amino add sequence deciosed in the International application, see Sox No J. 

f~1 Certain dalms were found unsearchable (See Box II). 
□ Unity of Invention Is lucking (see Box II I). 



4. With regard to the title. 

Jx] the text is approved as submitted by the applicant. 

□ the text has been established by this Authority to redd as follows: 



5, With regard to the abstract, 

[x] me text is approved es submitted by the applicant 

□ the text has been established, according to Rule 38.2(b), by this Authority as It appears In Box No. JV. The ^Pllcarit 
may. within one month from the date of mailing Of this international search report, submit csomments to tWs Authority. 

6. Wim regards to the drawings, 

a, me figure of the drawings to be published with the abstract is Figure No. ^2 

fx] as suggested by the applicant 

□ as selected by this Authority, because the applicant failed to euggest a flpjre. 
r~| as selected by mis Authority, because this figure cotter characterizes thB Invention. 

b. £2 nortecs the figures Is to be pLfbllehed with thB abstract 
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INTERNATIONAL SEARCHING AUTHORITY PCTAJS2004X)17946 



Box No. I Basis of the opinion 



+ 



1. With regard to the language, this opinion has been «WM I or iMof the international application In 
the language in which it was field, unless otherwise indicated under this Item. 

□ This opinion has been established on the basis of a translation from the orfginaHanguage into ^JJ*** 
langu^e . which is the language of a translation furnished for the purposes of international search 
(under Rules 12,3 and 23.1(b)). 

2 With regard to any nucleotide andfcr amino acid sequence disclosed In the international application and 
" necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

□ a sequence listing 

□ tabJe(s) related to the sequence listing 

b. format of material: 

□ in written format 

□ in computer readable form 

c. time of ffflngtfurnishing: 

□ contained in the International application as filed, 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority for the purposes of search. 

3 □ In addition, in the case that more than one version or copy of a sequence listing andtor table rel^ngl^ereto 

has been filed or furnished, the required statements that the information ft. the subsequent or ^additional 
copies Is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

a: Additional comments; 
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Box No. D Priority, 



1, E The following document has not been furnished: 

• H copy of the earlier application whose priority has been claimed (Rule 43&&.1 and 66.7(a)). 

□ translation of the earlier application whose priority has been claimed (Rule 43WS.1 and 66.7(b)). 

Conseouentlv it has not been possible to consider the validity of the priority claim. This opinion J has 
S3 assumption that the relevant date is the claimed pnonty date. 

? □ This ooinwn has been established as no priority had been 

nafffi foLnd Kid (Rules 436fc.t and 64.1). Thus for the puiposes of this opinion, the International 
filing date indicated above is considered to be the relevant date. 

3, Additional observations, if necessary: 



"Box No. V Reasoned statement under Rule 43*/s.1 (8X0 with ^rdjonoyiMf t Inventive step or 
Industrial applicability; cttatlons and explanations supporting such statement 



1, Statement 
Novelty (N) 



Yes: Claims 2-16 
No: Claims 1 



Inventive step (IS) Yes: Claims 

No: Claims 1-16 



Industrial applicability ((A) 



Yes: Claims 1-16 
No: Claims 



2. Citations and explanations 
see separate sheet 
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WRITTEN OPINION OF THE .ntemaiional application No. 

INTERNATIONAL SEARCHING 1S2004/D1 7948 

AUTHORITY (SEPARATE SHEET) PCT/US2004/01 7948 



Re Item V. 

1 The following document is referred to in this communication: 

D1 : WO 02/061 485 A (NEELY WILLIAM CHARLES ; VODYANOY VITALY J (US); 
UNIV AUBURN (US)) 8 August 2002 (2002-08-08) 



2. INDEPENDENT CLAIM 1 

The present application does not meet the criteria of Article 33(1) PCT, because the 
subject-matter of claim 1 is not inventive in the sense of Article 33(3) PCT. 
Document D1 (see e.g. p.5, 1.2 to p.9, 1.23) discloses nearly all steps of the method 
corresponding to Claim 1. 

Claim 1 does not explicitly disclose that a "agglutination test" is conducted and: 
-introducing a quantity of carriers into said sample, each of said earners configured to 
attach to said at least one analyte". 

However, in D1 (see e.g. p.23, 1.33 to p.24, L34) is disclosed that the known method 
Is used for tests of "living blood cells" and that the method "allows real-time 
observation with the human eye of biological events taking place at a microscopic, 
often intracellular level". 

Thus, an agglutination test comprising the corresponding well-known steps of 
measurement is implicitly disclosed in D1 . 

The subject-matter of Claim 1 therefore lacks novelty or, at least does not involve an 
inventive step. 

3. DEPENDENT CLAIMS 

In Claims 2-1 6 only slight changes in the method of Claim 1 are defined which come 
within the scope of the customary practice followed by persons skilled in the art (see 
also the documents cited in the Search Report), especially as the advantages thus 
achieved can readily be foreseen. 

Consequently, these dependent claims do not contain any features wh.ch, in 
combination with the features of any claim to which they refer, meet the requ.rements 
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: confer 50 to synthesize and send a particular second radio frequency 

^ "^aW confers 420, 520 may be two— units 
su ch as the a^to-optic tunable filter cornier, model W*» 

, DM-A™2-X manufecmred by Brimrose Corporation of Ammo. .U 

5 Sd be unlrsZd, however, that any device 

aLice that receives and filters light into a smgle-ftequency light 
wave nray be used as the AOTF controller 420 520. 

The first and second RF control signals 426, 526 are sent 
I0 by dte firs, and second AOTF controller. 420, 520 to .he first and 

!^ond^ustc-optic tunable filters 410, 510. The ftequency of the RF 
^tro! 2* 526 deques the frequency of the acoustic wave 
Sis u^d inside each AOTF 410. 510 to filter fte hgh.ern.««d by 
eacnhght source 400, 500 into a single-frequency hght wave 430, 530. 

15 mPPtiN T^PPWg t^ where wo Ught purees 400 50. are 
nsed. the system 10 includes an optical combiner 600 specially 
Sneo ^combine the lights 430, 530 from two light sources, as 
SVnF.g.5. ^^.sourcesn^beanyrwo^^wmg^ 

,o ftatliebl source 400, preferably a laser; a second hght source 500, ateo 
rfX laser, andan ultraviolet Hght source 100 Thecombmer 
KrL somewhat like a tee connector to. ndght be used rn other 
paeons, so it is sometimes referred to as a Th-^- ™» 
combiner 600 preferably includes '"^^JS^mT^ 

25 to receive and transmit the light waves. SMA indicates a Sub- 
Miniature 'Type A fiber optic connector. 

The combiner 600 of the present invention generally 
includes a chamber 640 enclosed within a casing 60S. A ^r™ 
"so inside foe chamber 640 combines me ; two ;«-"^J*g^ld 

30 430. 530. The casing 605 includes three u^utpo«s610 6£*2Sand 
one output port 615 with SMA connectors. The first and seconc mp 
6?0. 620, respectively, are designed to accept mputfiom laser 
M* sources, and a third input port 62S is designed to accept 
^oletlight With three input pons 610, ™-"%**™£Z 

« 600 is capable of combining any two types of light. ^ attv ?'™L 

" ttbtoSOO will transmit a single light source «*Xtav 
TTcombiner 600 is also capable of transmitting two lights that may 
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enter through a single port, such as those produced by a dual-channel 

tunable filter. I' 

Other port configurations and prism types are 
contemplated and may be used in the combiner 600, according to the 
5 elements present in a particular system, provided the combiner 600 
functions to combine two light waves into a single combined light 
wave 630 capable of provoking the combinatory phenomenon 

discussed herein. 

Each laser inputport 610, 620 includes a laser beam 

10 expander 612, 622 to focus and collimate (make parallel) the laser 
beam. A laser beam expander 612, 622 is designed to decrease the 
laser's beam spot size at large distances. The expander operates like a 
reverse Galilean telescope, providing a certain angular magnification 
factor called the expander power. The beam diameter is first increased 

15 in size by Hie expander power. Then, the beam divergence is reduced 
by the same power. This combination yields a beam that is not only 
larger, but also one that is highly collimated. The result is an expanded 
laser beam that produces a smaller beam spot at a large distance when 
compared to the laser alone. The expanded laser beam also produces 

20 smaller beam spot sizes when used in combination with additional 
focusing optics, a feature that facilitates focusing optimization. 

The quartz prism 650 of the optical combiner 600 merges 
the light waves 430, 530 from two light sources 400, 500, resulting in a 
combined light wave 630 that behaves differently from any other 

25 single light source. More specifically, the combined light wave 630, 
after it passes through the darkfield condenser 60 and strikes the 
specimen 200, will produce a combinatory phenomenon. 



The rmmhuiatorv Phenomenon 
30 The two-source embodiment of the system 10 of the 

present invention uses the powerful effects of the combinatory 
phenomenon to improve the resolution D of the microscope 20. Wen 
two lights 430, 530 are combined to form a single combined light 630, 
the interaction of the two light waves 430, 530 traveling at frequencies 
fi, f 2 produces two new combinatory frequencies; namely, a combined 
additive frequency Fa and a combined subtractive frequency Fs. As 
the terms imply, the additive frequency Fa equals f, + U and the 
subtractive frequency Fs equals f, - f 2 - Accordingly, the single 



35 
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combined light 630 includes two light waves 630A, ©OS traveling at 

Fates greater energy, of course, than the Ugh. -« «OS^veUng at 
to^bmtctive frequency Fs. Accordingly, the addrave light wave 
^wW^«* moatamountof Ugh. scattering and the addmve 
Wency ^wiU determine the resolution or resolving |»« » «"» 
mtcSe. The resolution D of the microscope 20 m the ays em 10 

invention can be calculated using Abbe'. iformula <D 
Lals ta divided by twice .he NA), where La .s the addtttve 
length (corresponding to the additive frequency Fa) and NA rs me 
numerical aperture of the darkfield condenser 60. 

The resolving power D of the microscope 20 m the system 
lOofmepresentmve^onisanesti^tel^^^ 
Ramsn-scatte^d Ugh. 320 produced by a combined light ^Ohavurg 
an additive wavelength La is, to some degree, dependent upon the 
specimen 200 being viewed. 

The interaction of two single-frequency lights 430. 530 
nay be illustrated by an example. A first light 430 baying a first 
wtvelengfl. L, of «40*10-> meters is combfaed with a second hght M0 
Ctag a^Lnd wavelengm U of 400*10* me^. We can^cubte 
r^responding frequencies f» f, using Equation O-0£»« 
equals me speed of hght divided by the wavelengm). ^ ™V 
frT,uencyfTequala6.81xl0' 4 Hz. The seoond frequency f, equals 

7 - 49X, ° ,4HZ Combining Ugh. a. ftese two frequencies f„ f, ptoduces a 
combined Hght 630 which includes lightwaves .raveling at Wo 
different frequencies Fa, Fs. Using me frequencies M calculated, 

^ admtivefrequency Fa (f, + « equals ™»„ 
sublractive frequency Fs(fi-f 3 ) equals 0.680x10 Hz. 

The light waves 630A traveling at me additive frequency 
F , of 14 JOxl0"Hz produce light which is to dre ^v,^ range of 
to electtomagnetic spectrum. As shown m F,g. *» 
^rtofrequency.drehighertheenergy. ^ole. light h* more 
Sergy man visible Ugh. or Hght in die very low frequencies suchas 
Sd Hgm, microwaves, and radio waves. The Ugh. waves 630S 



PACE (WO' RCVD AT 1 jMMMtHili PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-H6 ' DMS:!72930t ' CSID:4MI!17777 ' DURATION (mm«|:lM8 



Nov-30-2004 05:12pm Frora-ALSTON AND BIRD 4048817777 T-841 P. 061/080 F-625 

PCI7USQ1/46397 

WO 02/061485 

20 

traveling at mesubtractive frequency Fs of 0.680x10'* Hz produce 
. infrared light, which has a much lower energy than ultraviolet light. 

The resolution D of a microscope illuminated by the 
combined light 630 can be calculated using Abbe's formula (D equals 
5 La divided by twice the NA). Using the light waves 630A traveling at 
the additive frequency Fa of 14.30xlO ,4 Hz (and its corresponding 
, r; additive wavelength La of 209X10- 9 meters) and the numencal aperture 

NA of the darkfield condenser (which, in one embodiment of the 
system 10 is 1 .41), the resolving power D of the microscope 20 is 

10 74.1x10-* meters (741 Angstroms). 

As shown in Fig. 8, the scattering of a light source that 
has undergone the combinatory phenomenon (such as the combined 
light wave 630) includes the scattering of both the additive light wave 
630A and the subtractive light wave 630S. Accordingly, both light 

15 waves «30A, 630S will produce three types of scattered light: a same- 
frequency (Fa, Fs) Rayleigh component, a high-frequency (Fa+A/ , 
Ts+Af) component, and a lower-frequency (Fa-A/, Fs-A/) 
component. The three scattered light components (Fs, Fs+A/, Fsh-A/) 
of the subtractive light wave 630S are not shown in Fig. 8 because they 

20 possess much less energy than the additive light wave 630A. 

The scattering of the additive light wave 630A, as shown 
in Fig. 8, includes a combined Rayleigh component 810, a high- 
frequency combined Raman component 820, and a low-frequency 
combined Raman component 830. The combined Rayleigh-scattered 

25 light 810 is emitted at the same frequency (Fa) as the addihve light 
wave 630A. The combined high-frequency Raman-scattered light 820 
is emitted at a higher frequency (Fa+A/). The combined lower- 
frequency Raman-scattered light 830 is emitted at a lower frequency 
(Fa-A/). 

30 — 

Mnrinlating Raman-type Sca ttering of a Combined LtfliJ 

In the two-light embodiment, the present invention 
includes a method of modulating or adjusting the intensity of the 
combined Raman-scattered light 820 when two Ught waves 430, 530 
35 are combined to produce the combinatory phenomenon. By varying 
the frequency of the first and second light waves 430, 530, the intensity 
of the combined Raman-scattered light 820 can be adjusted to achieve 
maximum resolving power D. 
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The acousto-optic tunable filters 410, 510 are used to 
adjust the frequency of the first and second light sources 400, 500 
respectively, to achieve an increase in the intensity of the combined 
Raman-scattered light 820 emitted by the particular specimen 200 

being viewed . 

It has been observed that an increase in the intensity of the 
combined Raman-scattered light 820 results in an increase in resolving 
power D. Also, the use of increased combined light frequency Fa 
necessarily produces a light wave having higher energy. It has also 
been observed that a high-energy light source produces more of the 
non-linear and inelastic (Raman) effects of scattered light, which are 
desirable in the system 10 of the present invention. 

It should be noted that the acousto-optic tunable filters 
410 510 may be adjusted to produce a wide variety of light 
frequencies f„f 2 , respectively, any combination of which may be 
optimal for viewing a particular specimen 200. Different combinations 
f, f 2 will produce different combinatory frequencies Fa, Fs, different 
intensities of combined Raman-scattered light 820 and, therefore, 
different resolving powers D for a particular specimen 200. 

It should also be noted that different combinations of light 
frequencies f,, f 2 will produce different relative intensities of combined 
Rayleigh-scattered light 810 and combined low-energy Raman- 
scattered light 830, both of which may alter the effective resolving 
power D of the microscope system 10 for a particular specimen 200. 

In another aspect of the present invention, the first and 
second light sources 400, 500, as shown in Fig. 4, may be of different 
types including, without limitation, laser, ultraviolet, x-rays, or visible 
light. Just as different frequency combinations f,, h will produce 
different relative intensities of Raman-scattered light 320, different 
woes of light sources will produce different results. 

In one configuration, the first light source 400 is a laser 
and the second light source 500 produces ultraviolet light After being 
combined in the optical combiner 600, the combined light 630 enters 
the microscope 20. It is theorized that the presence of high-energy 
harmonics and non-linear waves from the ultraviolet light source will 
increase the amount and intensity of Raman-scattered light 320, 
thereby increasing resolution. 
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Inanotber configuration, a single laser can be configured 
. using a beam setter to emit a laser beam into both the first and second 
acousto-optic tunable filters 410, 510. Each acousto-optic tunable 
filter410, 510 can then filter the laser into two single-wavelength 
5 lights 430, 530. 

Two Sinele-Fre r""™ T A * ht Wavf * from °" e Sou££ * , . 

In yet another configuration, shown in Fig. 7, a smgle 
laser source 400 can provide light waves to the acousto-optic tunable 

10 filter 410 mat is controlled by a dual-frequency AOTF controller 740 
The dual-frequency AOTF controller 740 includes a dual- 
frequency DDS driver 700, a primary RF synthesizer card 710, and a 
secondary RF synthesizer card 720. The dual-frequency DDS (Direct 
Digital RF Synthesizer) driver 700 may be a self-con tamed unit 

15 containing an RF (radio frequency) amplifier and its own power 
supply. The dual-frequency DDS driver 700 acts as an interface 
between the primary and secondary RF synthesizer cards 710, 720 and 

the AOTF 410. - . 

The primary RF synthesizer card 710 mcludes a DDS 

20 module which synthesizes and sends a primary radio frequency control 
signal 716 via the dual-frequency DDS driver 700 to the AOTF 410. 
The DDS module may cooperate with computer software inside the 
computer 50 to synthesize and send a particular primary radio 
frequency control signal 716. 

25 Similarly, the secondary RF synthesizer card 720 mcludes 

a DDS module which synthesizes and sends a secondary radio 
frequency control signal 726 via the dual-frequency DDS driver 700 to 
the AOTF 410. The DDS module may cooperate wnh computer 
software inside the computer 50 to synthesize and send a particular 

30 secondary radio frequency control signal 726. 

The dual-frequency driver 700 sends both control signals 
716 726 to the AOTF 410, which has two channels. The AOTF 410 
filters the incoming light from the laser 400 into two single-frequency 
light waves 430, 530 and broadcasts one on each channel. In use, the 

35 dual-frequency driver 700 sends both control signals 716, 726 by 
alternating; in other words, by repeatedly switching from one 
frequency to another. 
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The dual-frequency driver 700, however, has a maximum 
• switching speed. The excited states of the observed specimen 200, 
likewise, have certain lifetimes. Recall that the combined light 630 
striking the specimen 200 causes excitation in the molecules of the 
5 specimen 200. The excited states produce the scattered light used to 
illuminate the specimen 200 in the microscope 20. If the lifetime of 
each of the excited states of the specimen 200 is longer man the 
maximum switching speed, then the dual-frequency driver 700 will 
operate successfully to produce both light waves 430, 530. For a 
10 specimen 200 having a very short excitation state, a second AOTF 410 
and controller 420 may be needed. Alternatively, a dual-frequency 
driver 700 with a higher maximum switching speed could be used. 

Experimental Results . 

Fig. 9 shows the intricate lattice of a diatom illuminated 
by an embodiment of the microscope system 10 of the present 
invention. A diatom is a tiny, unicellular marine organism that has a 
silica-impregnated outer cell wall sometimes called a lattice. Diatom 
lattices are often used in microscopy to study and compare systems of 
20 illumination and magnification. . _ 

The diatom lattice shown in Fig. 9 was illummated and 
photographed using an embodiment of the microscope system 10 of the 
present invention. The system 10 used to illuminate and photograph 
the diatom in Fig. 9 included a 100-watt mercury lamp to produce an 
25 ultraviolet light source 100 and included a Naessens darkfield 
condenser 60 having a numerical aperture NA of 1 .41 and a 100X 

objective lens 26. . 

Comparing the detail and texture of the diatom lattice in 
Fig 9 to the images in Figs. 9a and 9b illustrates the power of the 
30 system 10 of the present invention. Fig. 9a is a still photomicrograph 
taken of a video image of a similar diatom. The image in Fig. 9b was 
eimancedusmgmegainboostofaVimcontubecamem^ 

Figs. 12 and 13 are photomicrographs of living blood cells 
illuminated by an embodiment of the microscope system of the present 
35 invention. Each sample was photographed approximately two minutes 
after the blood was drawn. Blood cells of different types, red and 
white, can be seen in motion, interacting with one another. 
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Resolution 

Micrometers, optical gages, and carbon grating samples 
are used in iracrowjopy to evaluate, calibrate, and illustrate the 
resolving power of microscopes. The system 10 of tbe present 
5 invention-obtained the images in Figs. 10a, 10b, and 10c. Fig. 10a is a 
photomicTOgraph of a micrometer with divisions 2.0 i nicrons apart at a 
magnification of approximately 4,0O0X Fig.l0bisa 
photomicrograph of an optical gage with divisions also 2.0 microns 
apart at a magnification of approximately 7,SO03t Fig. 10c is a 
10 photcmiicrograph of a carbon grating sample having equidistant and 
parallel lines of carbon spaced 0.46 microns apart 

The microscope system 10 of the present invention may 
find application in numerous fields of scientific study and research 

15 including/without limitation, microbiology, bacteriology, virology, 
general biology, clinical hematology, industrial quality control, 
reproductive sciences, and any of a variety of other fields where 
observation of a biological specimen is desired. 

The microscope system 10 of the present invention 

20 provides a direct-view of the specimen 200, instead of the indirect 
views offered by ultraviolet and electron microscopes. The feet that 
the system 10 includes a direct-view optical microscope 20 allows real- 
time observation with the human eye of biochemical events taking 
place at a microscopic, often intracellular level. 

25 The system 10 takes full advantage of the Raman 

scattering phenomenon as a source of illuminating the specimen 200, 
providing a finer resolution and a higher magnification than is 
currently available from any optical microscope. 

The system 10 provides a real-time image of living 

30 biological materials, including cells and intracellular structures. Very 
little specimen preparation is required, leaving living biological 
specimens unaltered and without artifacts. The system 10 allows 
observation of living specimens without destroying or altering their 
biochemical characteristics, and without killing me specimen. 

35 The system 10 also provides a low-cost, low-expertise 

alternative to the more expensive and complex ultraviolet and electron 
microscope systems. The system 10 may also be made portable for 
field operation. 
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Although the invention has been described in terms ^f a 
. preferred embodiment, it will be appreciated by those skilled in the art 
Ott additions, substitutions, modifications, and n0 
specifically described may be made without departing from the spirit 
5 and scope of the invention. 
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CLAIMS 



10 



What is claimed is:} 

1 . . A microscope system for observing a specimen, 
comprising: 

an optical microscope having at least one objective lens 

and at least one eyepiece; 

a light source emitting an incident light; 
a darkfield condenser positioned to receive said incident 
light and focus said incident light upon said specimen; and 

a compound relay lens connected to said eyepiece. 

2. The system of claim 1, wherein said incident light travels 
15 at a frequency in the ultraviolet range of the electromagnetic spectrum. 

3. The system of claim 1, further comprising: 

an adapter positioned between said light source and said 
microscope, said adapter configured to align said incident light. 



20 



25 



4. The system of claim 1, further comprising: 

a camera connected to said compound relay lens; and 
a computer in communication with said camera, 

5. The system of claim 1, wherein said eyepiece comprises 
an ocular eyepiece pair and a projection eyepiece, and wherein said 
compound relay lens is connected to said projection eyepiece. 



6. The system of claim 1 , wherein said compound relay lens 
30 comprises: 

a first relay lens connected to said eyepiece; and 

a second relay lens connected to said first relay lens, said 

compound relay lens providing higher magnification than a single relay 

lens alone. 

35 
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7. A compound relay lens for an optical microscope having 
. at least one eyepiece, comprising: 

a first relay lens connected to said eyepiece; and 
a second relay lens connected to said first relay lens, said 
5 compound relay lens providing higher magnification than a single relay 
lens alone. 

8 The compound relay lens of claim 7, wherein said 
microscope is connected to a photomicrography system having at least 

10 one camera, wherein said second relay lens is positioned between said 
first relay lens and said camera. 

9 The compound relay lens of claim 7, wherein said first 
relay lens has a numerical aperture of at least 0.65 and a magnification 

IS power of at least 40 times. 

10. The compound relay lens of claim 7, wherein said second 
relay lens has a magnification power of at least lO times. 

20 11. A method of provoking light scattering sufficient to 

muminate a specimen in an optical microscope system, said system 
comprising a visible-light microscope having a darkfield condenser, at 
least one objective lens, and a compound relay lens, said method 

25 COmpnSmg: illummatmg a lamp that emits a first light, wherein said 
first light travels at a frequency in the ultraviolet range of the 
electromagnetic spectrum; 

focusing said first light upon said specimen using said 

darkfield condenser, and 
30 magnifying the image of said specimen using said 

compound relay lens. 

12 The method of claim 1 1, further comprising: 

adapting said ultraviolet light for use in said microscope 
35 by positioning an adapter between said lamp and said darkfield 
condenser. 
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13. The method of claim 1 1, wherein said specimen is placed 
upon a slide and is covered by a cover glass, said method farther 

* comprising: j 

placing a lower oil drop on the underside center of said 

v y . 5 SlidC ' " positioning said slide on the center of said darkfield 

condenser; „ . , 

placing an upper oil drop on the top center of said cover 

glass; 

10 .. raising said darkfield condenser until said upper oil drop 

contacts said objective lens. 

14. A microscope system for illuminating and observing a 
specimen with scattered light from a combined light source, said 

15 system comprising: , , 

an optical microscope having at least one objective lens 

and at least one eyepiece; 

a first light wave traveling at a first frequency; 
a second light wave traveling at a second frequency; 
20 an optical combiner positioned to receive said first and 

second light waves and combine said lights into a combined light, said 
combined light comprising an additive light wave traveling at an 
additive frequency and a subtractive light wave traveling at a 

subtractive frequency, 
25 a darkfield condenser positioned to receive said combined 

light and focus said combined light upon said specimen such that said 
additive and subtractive light waves provoke scattered light 
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15 The system of claim 14, wherein said first light wave 
traveling at a first frequency is produced by a first filter system, 

C ° n * riSinB: a first light source emitting a first unrefined light wave; 
5 a first filter connected to said first light source and 

configured to receive said first unrefined light wave; 

a first filter controller connected to said first filter, said 
fest filter controller configured to send a first control signal capable of 
adjusting said first filter such that said first filter refines said tat 
l0 unrefined light wave into said first light wave traveling at said first 
frequency. 

16 me system of claim 14, wherein said second light wave 
traveling at a second frequency is produced by a second filter system, 

15 comprising: ^ ^ emitting a second unrefined light 

^ a second filter connected to said second light source and 
configured to receive said second unrefined light wave; 

a second filter controller connected to said second filter, 
said second filter controller configured to send a second control signal 
capable of adjusting said second filter such that said second [filter 
refines said second unrefined fight wave into said second light wave 
traveling at said second frequency. 

17. The system of claim 14, further comprising a compound 
relay lens connected to said eyepiece. 



20 



25 



30 



1 8 The system of claim 1 7, further comprising: 

a camera connected to said compound relay lens; and 
a computer in communication with said camera, 



19 The system of claim 17, wherein said eyepiece comprises 
an ocular eyepiece pair and a projection eyepiece, and wherein said 
35 compound relay lens is connected to said projection eyepiece. 
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20* The system of claim 1 7, wherein said compound relay 
,. lens comprises^! 

a first ^elay lens connected to said eyepiece; and 
a second relay lens connected to said firat relay lens, said 
5 compound relay lens providing higher magnification than a single relay 
lens alone. 

21. The system of claim 20, wherein said first relay lens has a 
nuiperical aperture of at least 0.65 and a magnification power of at 

10 least 40 times, and wherein said second relay lens has a magnification 
power of at least 10 times. 

22. The system of claim 14, wherein said optical combiner 
comprises: 

15 : a chamber, 

a casing enclosing said chamber, said casing comprising a 
plurality of input ports and an output port; and 

a prism assembly positioned within said chamber, said 
prism assembly configured to receive said light waves entering through 
20 any two of said plurality of input ports, to combine said light waves 
into said combined light wave, and to project said combined light wave 
through said output port. 

23. A system for producing a first light wave traveling at a 
25 first frequency and a second light wave traveling at a second frequency 
from a single light source emitting an unrefined light wave, said 

system comprising: 

a dual-channel filter configured to receive said unrefined 

light wave; 

30 a dual-frequency filter controller connected to said dual- 

channel filter and configured to send a primary and a secondary control 
signal to said dual-channel filter, 

said dual-channel filter configured to broadcast said first 
light wave on a first channel in response to said primary control signal 

35 and, in an alternating fashion, to broadcast said second light wave on a 
second channel in response to said secondary control signal. 
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24. The system of claim 23, wherein said primary control 
signal produces a first acoustic wave within said dual-channel filter, 
said first acoustic wave interacting with said unrefined light wave to 
produce said first light wave at said first frequency. 

25. The system of claim 23, wherein said secondary control 
signal produces a second acoustic wave within said dual-channel filter, 
said second acoustic wave interacting with said unrefined light wave to 
produce said second light wave at said second frequency. 

26. The system of claim 23, wherein said dual-frequency filter 

controller comprises: 

a primary radio frequency synthesizer; 
a secondary radio frequency synthesizer; and 
a driver connecting both of said primary and secondary 
radio frequency synthesizers to said dual-channel filter, 

said primary radio frequency synthesizer configured to 
synthesize and send a primary control signal via said driver to said 

dual-channel filter, 
20 said secondary radio frequency synthesizer configured to 

synthesize and send a secondary control signal via said driver to said 
dual-channel filter. 

27. An optical combiner for combining two light waves to 
25 produce a single combined light wave, said optical combiner 

comprising: 

a chamber; 

a casing enclosing said chamber, said casing comprising a 
plurality of input ports and an output port; and 
30 * a prism assembly positioned within said chamber, said 

prism assembly configured to receive said light waves entering through 
any two of said plurality of input ports, to combine said light waves 
into said combined light wave, and to project said combined light wave 
through said output port 
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28. The optical combiner of claim 28, further comprising: 
a learn expander connected to a first input port designated 

for light waves emitted by a laser, said beam expander configured to 
focus and collimate said light waves, said beam expander positioned 
between said first input port and said prism. 

29. The optical combiner of claim 28, wherein a laser beam is 
received through a first input port and an ultraviolet light wave is 
received through a second input port, said combiner further 
comprising: 

a beam expander positioned between said first input port 
and said prism, said beam expander configured to focus and collimate 
said laser beam. 

30. The optical combiner of claim 28, wherein said prism 
assembly is further configured to receive a single light wave entering 
through any one of said plurality of input ports, and project said single 
light wave through said output port. 

20 31. A method of modulating the combinatory phenomenon to 

illuminate and view a specimen in an optical microscope system with a 
combined light, said method comprising: 

filtering a first unrefined light wave to produce a first light 
wave traveling at a first frequency; 
25 filtering a second unrefined light wave to produce a 

second light wave traveling at a second frequency; 

combining said first and second light waves to produce 
said combined light wave, said combined light wave comprising an 
additive light wave traveling at an additive frequency and a subtractive 
30 light wave traveling at a subtractive frequency, 

condensing said combined light wave into the shape of a 

hollow cone; 

focusing the first vertex of said hollow cone of combined 
light upon said specimen. 



» 

10 
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32. The method of claim 31, wherein said specimen is placed 
upon a slide and is covered by a cover glass, said method further 
comprising: 

placing a lower oil drop on the underside center of said 

5 slide; 

r V. • positioning said slide on the center of said darkfield 

1 condenser, 

placing an upper oil drop on the top center of said cover 

glass; 

10 raising said darkfield condenser until said upper oil drop 

contacts said objective lens. 
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